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flexural rigidity of the rod will (§ 679) be — IT ( — ) .    This gives us
for the curvature at the middle of the rod the elongation and contraction' where greatest, that is, at the highest and lowest points of the normal section through the middle point ; and the droop of the ends ; the following expressions
~W  M '         8M '
Thus, for a rod whose length is 200 times its diameter, if its substance be iron or steel, for which p= 775, and M= 194 x 10' grammes per square centimetre, the maximum elongation and contraction (being at the top and bottom of the middle section where it is held) are each equal to 8 x io~6 x /, and the droop of its ends 2xio~5x/s. Thus a steel or iron wire, ten centimetres long, and half a millimetre in diameter, held horizontally by its middle, would experience only •000008 of maximum elongation and contraction, and only 002 of a centimetre of droop in its ends : a round steel rod, of half a centimetre in diameter, and one metre long, would experience1 00008 of ma'ximum elongation and contraction, and *2 of a centimetre of droop : a round steel rod, of ten centimetres diameter, and twenty metres long, must be of remarkable temper (see Properties of Matter) to bear being held by the middle without taking a very sensible permanent set : and it is probable that no temper of steel is high enough in a round shaft forty metres long, if only two- decimetres in diameter, to allow it to be held by its middle without either bending it to some great angle, and beyond all appearance of elasticity, or breaking it.
683. In passing from the dynamics of perfectly elastic solids to abstract hydrodynamics, or the dynamics of perfect fluids, it is convenient and instructive to anticipate slightly some of the views as to intermediate properties observed in real solids and fluids, which, according to the general plan proposed (§ 402) for our work, will be examined with more detail under Properties of Matter.
By induction from a great variety of observed phenomena, we are compelled to conclude that no change of volume or of shape can be produced in any kind of matter without dissipation of energy (§ 247); so that if in any case there is a return to the primitive configuration, some amount (however small) of work is always required to compensate the energy dissipated away, and restore the body to the same physical and the same palpably kinetic condition as that in which it was given. We have seen (§ 643), by anticipating something o/ thermodynamic principles, how such dissipation is inevitable, even in. dealing with the absolutely perfect elasticity of volume presented by every fluid, and possibly by some solids, as, for instance, homogeneous crystals. But in metals, glass, porcelain, natural stones, wood, India-rubber, homogeneous jelly, silk fibre, ivory, etc, a               action of gravity, or of their kinetic reactions (§ 230) against & I j                                        accelerations (§ 32), the greater body would be more strained thar
